Isolation of cynodontin and endocrocin, which are co-produced with secalonic acids in other organisms, suggests that these compounds are formed by a common branching pathway.
A natural isolate of P. terrestris contained variant strains which produced different relative amounts of secalonic acids A, E and G. From the combinations of secalonic acids produced in organisms so far examined it is concluded that precursor tetrahydroxanthone units are formed in pairs differing in stereo-chemistry only at C-5 or at the traps-invariant C-6 : C-10a positions.
A possible biosynthetic pathway is discussed. VOL 
Media
The inoculum medium for P. terrestris consisted of (per liter): D-glucose, 10 g; Neopeptone, 5 g; and corn steep liquor, 5 ml. Production medium for this fungus contained (per liter): soluble starch, 50 g; and Neopeptone, 10 g. The inoculum medium for A. aculeatus was similar to that used by DEMAIN and co-workers24> but with corn flour replacing yeast extract for improved sporulation.
It consisted of (per liter): sucrose, 30 g; corn flour, 5 g; Casamino acids, 5 g; NaNO:,, 3 g; K_HPO4, 1 g; MgSO4 • 7H~,O, 0.5 g; KCI, 0.5 g; FeSO4.7H2O, 0.01 g; and agar, 15 g. Two production media were used for this fungus. The first, consisting of corn flour (60 g per liter) in water, has been used previously°). The second contained non-glutinous rice flour (120 g/liter) in water and supported a higher yield of secalonic acids than did the corn flour suspension.
Isolation of Substrains
Portions of a soil stock culture of P. terrestris strain C 44-1 were suspended in sterile distilled water and plated on potato-dextrose agar. Differently colored colonies were transferred to fresh potatodextrose-agar plates to form single giant colonies. Spores from such colonies were replated in the same manner and the procedure repeated until colonies of uniform and constant morphology and pigmentation were obtained.
Substrain C 44-1 A formed grayish-green colonies and was easily isolated after one transfer; isolation of the yellow C 44-1 B and pink C 44-1 C substrains required at least three transfers.
Fermentation
All cultures grown in Erlenmeyer flasks were incubated at 25 C on a platform rotating at 220 rpm.
Spores and mycelium of P. terrestris grown on potato-dextrose-agar slants for two weeks were transferred to 50 ml of inoculum medium in a 250-ml Erlenmeyer flask and incubated for 4 days. The mycelium was homogenized and 2.5-nil portions were used to inoculate 50-nil portions of production medium in 250-m1 Erlenmeyer flasks. The cultures were incubated for 12 days. Spores of A. aculeatus, grown for 2 weeks at 25° on a thin-layer of inoculum medium in 120-m1 milk-dilut.on bottles, were collected by suspending in 10 ml of 0.01 % (w/v) sodium lauryl sulfate solution; 2.5-m1 portions were used to inoculate 50-m1 portions of production medium in 250-m1 Erlenmeyer flasks. The cultures were incubated for 12 days.
Isolation and Purification Mycelium collected by filtration was leached with acetone and the residue obtained on removing solvent in racuo was partitioned at pH 3 between water and ethyl acetate. The residue from evapo- rating the ethyl acetate extract was fractionated by chromatography on a column of silicic acid using benzene-ethyl acetate mixtures for elution. Products were recovered at the following elutriant ratios: cynodontin, 19: 1 ; emodin 9: 1; secalonic acids B or E, 6: 1 ; endocrocin and secalonic acids F or G, 4: 1 ; and secalonic acids A or D, 2: 1. Endocrocin was separated from secalonic acid F or G by partitioning the mixture between ethyl acetate solution and I % (w/v) aqueous NaHCO3. No further fractionation was required since the enantiomeric secalonic acids that eluted at the same benzeneethyl acetate ratios did not occur together in cultures. Secalonic acid A and secalonic acid D each crystallized as orange needles from ethyl acetate -ethanol (2: 1), secalonic acid B and secalonic acid E as pale-yellow prisms from chloroform, secalonic acid F and secalonic acid G as yellow needles from ethanol, cynodontin as reddish-orange plates from pyridine, emodin as orange plates from chloroform, and endocrocin as reddish-orange plates from pyridine. Some physical properties of these compounds are listed in Table 1 . Acetylation of Cynodontin Cynodontin (31 mg) was acetylated with acetic anhydride (1 ml) in pyridine (I nil) for 90 minutes at room temperature. After crystallization from methylene chloride and ethanol (3: 1), cynodontin tetraacetate (11) was obtained as yellow plates (48 mg Assignment of resonances in the 'H broadband-decoupled 13C spectrum of 9 (Table 3) is based on the correlation of 'H and 13C spectra by off-resonance decoupling (ORD)31' multiplicities in the high resolution (HR) spectrum and on substituent effects observed for a variety of anthraquinones3=,3g' Table 2 . 'H Nmr data for emodin (8), endocrocin (9) and cynodontin tetraacetate (11)*. and naphthalenes34,35). Thus C-4, C-5, C-7 and C-1 I were identified by the ORD experiments and the characteristic low-field signals for the anthraquinone-type carboxyl carbons"',"' could be readily distinguished because C-10 was coupled to H-4 and H-5, whereas C-9 was coupled to only one hydrogen, probably H-7. The poorly relaxed carboxyl carbon (C-12) also resonated in a typical region of the spectrum. Other low field resonances arising from carbons bonded to hydroxyl groups were also readily identified because C-6 was coupled to H-5 and H-7 and C-8 to H-7, whereas C-l, as expected, was not similarly coupled.
Only two of the quaternary aromatic carbons (C-4a and C-10a) could not be assigned unequivocally, the remainder being easily recognized from their chemical shifts and characteristic multiplicities in the HR spectrum. Thus, C-2 was coupled to H-4 and H-1 I. C-3 to H-4 and H-11, C-8a to H-5 and H-7 and C-9a to H-4.
Yields of Metabolites
Yields of purified metabolites recovered from typical production cultures are recorded in Table   4 . Emodin and endocrocin are produced by both P. terrestris and A. aculeatus, but cynodontin is produced only by P. terrestris. Strains C 44-1 A and C produced cynodontin in quite high yield. No other aromatic metabolites were present in substantial amounts and, in particular , no accumulation of xanthone precursors of secalonic acid was found.
Emodin, endocrocin and the secalonic acids are yellow; cynodontin has a very strong pink color.
Since emodin and endocrocin are produced in only small amounts and the proportion of secalonic acid G is also quite low, these substances make little contribution to the color of a culture . The color of P. terrestris colonies is accounted for by the amounts of secalonic acids A and E relative to cynodontin .
Strains C 44-1 B, T-66 and T-67, which produce secalonic acids A and E predominantly, are yellow, whereas strain C 44-1 C, which produces a higher proportion of cynodontin, is pink . Strain C 44-1 A produces large amounts of both secalonic acids and cynodontin, giving it a brownish green color. Because A. aculeatus produces secalonic acids D and F and no cynodontin the fermentation broth is yellow. protons at 6,, 6.79 ppm (7'Hz/27x-.400 Hz) and 7.79 ppm (1600 Hz) were irradiated.
Broadband 'H decoupling was by phase modulation of decoupling field front 0 to 180-with /Hz/2n 3800 1-1z. Assignments may be interchanged. VOL. XXXII NO. 12 
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Secalonic acids, A, B and C. have been isolated from C. purpurea2,3). We isolated three secalonic acids, A. E and G, from P. terrestris5) and we have now found three different secalonic acids, B, D and F. to be produced by A. aculeatus. Secalonic acid C is a "hybrid dimer" containing the monomeric units of both secalonic acids A and B2 ; secalonic acid G similarly contains a monomeric unit from each of A and E'', while secalonic acid F is a hybrid of B and D6). The simplest interpretation of these observations is that each fungus produces two different monomeric precursor units which are then coupled to give three different secalonic acids (Fig. 1) . The exact nature of these precursor units has not been established, but we have shown that dimerization occurs after formation of the xanthone ring system" While it is not known whether insertion of the oxygen function at C-5 and reduction of the xanthone structure occurs before or after 2,2'-coupling, the absence of dimeric products in which the two halves of the molecule are at different oxidation levels argues in favour of the first possibility. Thus, although alternative sequences are not excluded, the present information on the biosynthesis of secalonic acids can be accommodated by the biosynthetic pathway shown in Fig. 2 .
Taking into account the contributions from both "pure" and "hybrid" secalonic acids we have calculated the amounts of each postulated tetrahydroxanthone monomer'that must be made by the fungi (Table 5) On the other hand, the tetrahydroxanthone components of C. purpurea and C. ornata show both configurations, implying that in these organisms the cyclization is not stereospecific.
In view of the uniformly trans orientation of the C-6 and C-10a substituents it is likely that the 9 Endocrocin 10 R = H, Cynodontin I I R = COMe, Cynodontin tetraocetate C-10a configuration determined during cyclization directs the stereochemistry of A', reduction.
For this reason the °,7 reduction step is shown as the penultimate reaction in Fig. 2 and is followed by reduction of the C-5 carbonyl. In P. terrestris and A. aculeatus this latter reduction lacks stereospecificity whereas C. pu purea and C. ornata produce secalonic acids in which the tetrahydroxanthone components have a uniform configuration. It is of interest that the D: E combination of tetrahydroxanthone pairs, differing from A and B only in having the alternative configuration at C-5, has not so far been encountered among secalonic acid producers. The literature likewise contains no report of an organism producing secalonic acids formed by the coupling of A-D or B-E precursors which would be expected if both the cyclization and C-5 reduction lacked stereospecificity.
Emodin has been found in numerous fungi'' and is frequently converted to more highly substituted and complex metabolites" 
